A nine year old girl with a congenital above-
Introduction
Since 1971, young children with congenital below-elbow amputations have been successfully supplied and trained with myoelectrically controlled hand prostheses at the Regional Hospital, Orebro, Sweden, (Sorbye et a1 1972; Sorbye. 1977 and 1980) . When in early 1978 a 9 year old girl with a congenital above-elbow amputation was referred to the hospital, it was decided to use the same type of prosthetic hand. At about the same time an offer to test an electric elbow, developed by Fishman and Lembeck at the New York University, Post-Graduate Medical School, Prosthetics and Orthotics was received. For several reasons it was then decided to supply the girl with a myoelectrically controlled prosthesis where the hand as well as the elbow were externally powered.
Method
A 6-75 in (17 cm) prosthetic hand of Otto Bock type was chosen, equipped with passive rotation and a quick disconnect. The electric elbow from New York University was designed to be controlled by switches, but it was adapted to myoelectric control by means of some minor electrical modifications. To keep electrodes and wires inside the prosthesis it was decided to use only the two muscles biceps and triceps for control of both the hand and the elbow.
In order to control four movements from two muscles some type of multistate control system had to be used. A multi-state control technique was first presented by Dorcas and Scott (1968) . Based upon their idea, Dillner and Hagg (1971) described three different methods to control two movements with one muscle only:
1. A sequence method. Each movement is performed every second time the muscle is activated. 
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2.
A method that classifies the instantaneous EMG-level from the muscle as belonging to one of three level groups. The term "EMG-level" throughout this paper should be understood as the actual amplitude of the amplified rectified and integrated surface EMG-signal.
3. A method that classifies the initial EMGlevel rate into one of three different categories.
Of these three methods the authors used the two latter ones. Figure 1 illustrates the function of the EMGlevel detector according to method 2. In the upper graph the EMG-level is plotted against time. Assuming that the EMG-level originates from biceps, the result will be that as long as the EMG-level is below the lowest threshold, level 1, there is no output from the control system. An EMG-level that resides in the interval 1-2 during at least a period of time T will start a hand closure. As soon as the EMG-level is found to be outside the interval 1-2 the hand activity is discontinued. An EMG-level exceeding the highest threshold, level 2, will immediately initiate an elbow flexion, which again stops when the EMG-level drops below threshold 2. By introducing the delay-time T it has become possible to operate the hand or the elbow exclusively. The activity from the triceps muscle will operate hand opening and elbow extension in the same way.
The function of the rate detection method (method 3) is illustrated in Figure 2 . If again the EMG-level plotted is the one concerning biceps the result will be that as long as the EMG-level is below threshold 1 there will be no output from the control system. As soon as the EMG-level exceeds threshold 1 a clock is started. After a delay-time T the EMG-level is checked. If the EMG-level is found to be within the interval 1-2 a hand closing motion will be initiated. Should the EMG-level be above level 2 an elbow flexion motion will result. Whatever movement was initiated will continue until the EMG-level drops below threshold 1.
With this method the rate of increase in EMGlevel in the initial phase of a muscle contraction determines the output. It should be noted that the EMG-level, after a decision is made, is free to vary to a great extent without affecting the status of the output. The above discussion also applies €or triceps and hand openinglelbow extension.
When two control sites are used, for instance over the muscles biceps and triceps respectively, each operating a three-state controller, the result is a five-state controller (generating four 
Application and clinical experience
To find out whether it was possible for the patient to operate a two-sitelfivestate control system. a test set-up was designed with the necessary electronics mounted on a prototype board to facilitate chanses and adjustments. The hand and the elbow were placed on a stand in front of the patient (Fig. 3. top) . Two electrodes. serving the biceps and triceps muscles respectively. were mounted in a prosthetic socket titted to the patient. In this project the electrode system developed at the Chalrnen University of Technology and the Sahlgren Hospital, Goteborg. Sweden was used. The electrode includes amplifier. rectitier and integrator, and the output from the device is a DC voltage-level closely related to the EklGactivity in the muscle, as described by AlmstrBm
(1977).
Initially control method 2 was tested (Fig. 1) . With the devices arranged as described the girl was able to perform the four different movements of the prosthetic arm after some 15 minutes of practice. Later in the process of training the hand and elbow was attached to the prosthetic socket, thus achieving a test situation very similar to the use of a self-contained prosthesis. This test set up and the assembled prosthesis can be wen in Figure 3 , bottom. After the necessary testing and training a miniaturized version of the control system was built and fitted inside the prosthetic socket. .
Finally the patient went home with the selfcontained aqn prosthesis fullymounted.
Control method Z (Fig. 1) gave the user good control over the four arm movements. There are. however. two drawbacks with this system. Quite a high EMG-level is required for operating the elbow of the prosthesis. If elbow movements are frequently needed, the repetitive strong contractions of the control muscle will cause muscle fatigue.
Furthermore, while the hand is being used the patient will sometimes tind it difficult to keep the EMG-level constantly within the actual interval.
Neither of these two drawbacks is present in the rate-detection method (Fig.2) . For that reason, after about 6 months of experience with the patient using control method 7. it was then changed to control method 3. The electronics were redesigned to function according to this method and the procedure of testing. training and constructing was repeated. The anticipated improvements with this method turned out to be true. The system worked well and has now been in daily use by the patient for the last 2 years.
The miniaturized control circuitry for method 3 is shown in Figure 4 (top) . The bottom picture shows the electronics mounted inside the forearm of the prosthesis. The assembled prosthesis showing the holders for the rechargeable batteries is illustrated in Figure 5 (left). Figure 5 (right) shows the patient wearing the complete prosthesis. The control system has been completed by a circuit that makes it impossible to perform more than one movement at a time; this is helpful to avoid unwanted movements.
When the two control systems were compared after each had been used for 6 months, test results and the opinion of the patient indicated that method 3 was the best. This method, was therefore adopted, the observation time of which now exceeds 2 years. Improvements concerning the socket design have been made. the batteries have been moved to the forearm socket and some modifications regarding the electrode design have been worked out.
A new and more advanced control system for the hand/elbow prosthesis is now being prepared, according to a principle described by Philipson et al. (1981) .
Conclusion
A myoelectric arm prosthesis containing externally, powered hand and elbow has been controlled by two muscles only. Two different control methods have been tested, both in a laboratory setup and in clinical use by a 9 year old girl. The device has been functioning very well, with only a couple of minor breakdowns. It has been well accepted by the user. The control method that classifies the instantaneous EMGlevel into three groups was useful, but in our opinion the method which is sensitive to the initial EMG-level rate is even better. The latter method therefore has been used in the actual patient during the greater part of the observation time which now exceeds 2 % yean.
